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摘要 
随着移动互联网及智能移动终端的迅猛发展，用户对移动网络的访问逐渐从
在线网络转移到手机应用客户端。手机应用消费者需要花费更多的时间挑选满足
其需求的手机应用，手机应用开发者同时也会开发更多功能、更加精致的手机应
用来引起消费者的注意。然而，不断增长的手机应用数量以及其多样的应用功能
使得用户很难查找到真正符合他们需求的手机应用，也即信息过载问题。推荐系
统的提出很好地缓解了信息过载的问题，其对用户推荐项目主要通过基于项目内
容来对目标用户兴趣进行匹配（基于内容过滤）、挖掘其他类似用户的兴趣（协
同过滤）、或者两者相结合（混合过滤）等途径。然而，对手机应用推荐算法的
设计显著不同于传统领域（例如，电影、音乐、图书）的推荐，因为手机应用具
备其特有的领域特点，比如版本更新，多硬件平台（手机、平板、电脑），主题
聚合。如果推荐系统对用户进行手机应用推荐不考虑手机应用的领域特点，会导
致推荐不合适的手机应用而反过来影响用户的体验。为了给用户提供高质量的手
机应用推荐服务，本文将针对手机应用领域的特点进行算法设计，主要围绕以下
三个内容进行研究： 
首先，本文提出了版本敏感的手机应用推荐方法。针对手机应用具有版本更
新的特点，提出了利用版本更新文本描述将同一手机应用不同版本序列进行关
联。由于用户对手机应用的数值化评分与版本更新的文字描述属于不同的语义空
间，通过线性映射的方法将这两个语义空间进行关联。所提方法不仅能够将手机
应用推荐精确到版本，而且能够解决已有手机应用新版本发布的冷启动问题。实
时推荐及手机应用类别等因素也同时得到考虑。 
其次，本文提出了跨平台的应用程序推荐框架。针对应用程序具有多平台（手
机、平板、电脑）发布的特点，提出了利用用户评论来获取应用程序的平台特性。
同一应用程序在不同平台具有共性及特性的特点，共性特点通过对用户数值化评
分进行矩阵分解获得，平台特性由应用程序的平台用户评论来获取，共性与特性
的线性组合达到共性增加数据稠密、特性提高推荐精度的效果。所提方法不仅能
够提高应用程序平台推荐精度，而且能够解决用户在新平台、应用程序在新平台
的冷启动问题。此外，所提方法同样适用于更实用的 Top-N 推荐。 
再次，本文提出了基于主题聚合的手机应用推荐策略。手机应用市场会根据
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手机应用特点，以一定主题对手机应用聚合进行主题列表推荐，其中被推荐手机
应用相互关联，蕴含共现关系。通过结合自然语言处理中的词向量方法，从手机
应用主题聚合中挖掘手机应用之间的关联关系。词向量方法中的词向量与矩阵分
解中的特征向量属于不同的语义空间，通过联合训练的方法将两个语义空间进行
关联。基于主题聚合的手机应用推荐不仅能够挖掘手机应用之间的共现信息，而
且能够解决仅存在手机应用主题却未被用户消费的手机应用的冷启动问题。 
本文研究课题在个人收集的数据集上对所提出的三个研究内容进行了测试
与分析。实验结果表明，本文所提出的版本敏感的手机应用推荐有效地将手机应
用推荐精确到版本，并且解决了手机应用新版本的冷启动问题；文本提出的跨平
台应用程序推荐有效地提高了应用程序推荐的平台区分推荐效果，并且能够解决
用户在新平台、应用程序在新平台的冷启动问题；本文提出的主题聚合的手机应
用推荐有效地从主题列表中挖掘出手机应用之间共现关系，并且能够解决仅存在
于聚合主题却未被用户消费的手机应用的冷启动问题。通过与现有最新算法进行
比较分析，表明了本文所提出方法的优越性。本文为推荐系统及手机应用推荐的
研究起到了重要的推动作用。 
 
关键词：推荐系统；手机应用；版本敏感；跨平台；主题聚合；数据稀疏问
题；冷启动问题 
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Abstract 
With the rapid development of mobile internet and smart mobile terminals, users' 
access to mobile network has transformed from online world to mobile applications 
(Apps). Mobile consumers are hence spending more time on selecting their desired 
Apps, App developers are also creating more functional and sophisticated Apps to 
command consumers' attention. However, the sheer number of Apps and their diverse 
functions make it difficult for consumers to locate their preferred Apps, which is 
called information overload problem. Recommender systems have been deployed to 
alleviate the information overload problem. They suggest items of interest to target 
users by matching the target user's interests with item's content (content-based 
filtering), mining other similar users' preferences (collaborative filtering), or 
integrating both (hybrid filtering). However, the design of recommendation methods 
for Apps is significantly different from developing recommender systems in 
traditional domains (e.g., movie, music, and book), since App has its own domain 
features, such as version updates, multi-platform (smart phone, tablet, and computer), 
and topics gathering. If a recommender system suggests Apps without considering 
their domain properties, it may end up with unsuitable Apps and adversely hurt users' 
experience. To provide a high quality App recommendation service for users, this 
doctoral dissertation designs algorithms by considering the domain features of Apps, 
and mainly focuses on the following three aspects: 
First of all, we proposed version-sensitive mobile App recommendation approach. 
Considering the feature of version updates for mobile Apps, we proposed to utilize 
version descriptions to correlate version series of an App. Since users' digital ratings 
and textual version descriptions belong to different semantic spaces, the linear 
mapping method will be deployed to connect these two different worlds. Our 
proposed method not only recommends Apps to be accurate to version, but also is 
capable of solving the new-version cold-start problem where newly released version 
of an existing App has no ratings. Meanwhile, the real-time recommendation and the 
mobile App category are considered as well. 
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Secondly, we presented cross-platform App recommendation framework. 
Considering the multi-platform feature of Apps, it is proposed to take advantage of 
user reviews to capture their platform-specific feature. The App exhibits common 
feature and specific feature on different platforms. The common feature is obtained by 
utilizing matrix factorization and the specific feature is acquired from user reviews on 
a specific platform. The combination of common feature and specific feature achieves 
the effects of dense data from the common feature and high recommendation accuracy 
from specific feature. Our proposed method not only improves the App 
recommendation accuracy, but also is capable of solving the new-user cold-start 
problem (the user is newly appeared on a specific platform) and the new-App 
cold-start problem (the App is newly released on a specific platform). Meanwhile, our 
proposed algorithm is also applies to more practical Top-N recommendation.  
Finally, we put forward topic gathering mobile App recommendation strategy. 
The mobile App market recommends a bunch of Apps concentrating on a specific 
theme, which contains luxurious co-occurrence information among Apps. By utilizing 
the word embedding algorithm from natural language processing, the co-occurrence 
information among Apps could be uncovered from mobile App topic gathering. The 
word vector from word embedding algorithm and the feature vector from matrix 
factorization belong to different semantic spaces, which can be connected by using 
joint training protocol. The recommendation based on topic gathering not only 
uncovers co-occurrence information among mobile Apps, but also is able to solve the 
new-App cold-start problem where the App only exists in gathered topics but is never 
consumed by user.  
This doctoral dissertation conducts experiments and analyses for above 
mentioned three research topics on our self-collected datasets. The experimental 
results demonstrate that the version-sensitive mobile App recommendation is able to 
recommend Apps to be accurate to version, and the new-version cold-start problem 
could be solved as well; the cross-platform App recommendation dramatically 
improves the recommendation performance of Apps on different platform, and the 
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new-user cold-start problem and the new-App cold-start can also be solved; the topic 
gathering mobile App recommendation significantly uncovers co-occurrence 
relationship among Apps from gathered topics, and it is capable of solving the 
cold-start problem where Apps only exist in gathered topics but are never consumed 
by users. By comparing with state-of-the-art algorithms, the superiority of our 
proposed approaches has been revealed. This doctoral dissertation makes a significant 
contribution to the development of recommender systems and the mobile App 
recommendation.  
 
Keywords: recommender systems; mobile applications; version-sensitive; 
cross-platform; topic gathering; data sparsity problem; cold-start problem 
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